The self-assembled architectures in solution of a new HBC derivative bearing perfluoroalkylated side chains were investigated by optical excitation and emission spectroscopy and correlated to cryo-SEM, a new technique in organic chemistry.
The self-assembled architectures in solution of a new HBC derivative bearing perfluoroalkylated side chains were investigated by optical excitation and emission spectroscopy and correlated to cryo-SEM, a new technique in organic chemistry.
The ability of molecules to self-assemble into highly ordered architectures has gained increasing importance in the past decade, as these nano-objects are applicable in the field of optical and electronic devices. 1 6 (1), bearing six side chains each consisting of an alkylated and a perfluoroalkylated section. The alkylated section acts as a four-carbon spacer between the core structure and the six-carbon perfluorinated tail. Preliminary investigations on aliphatic spacers of variable length n (n 5 2-6) indicate that the four-carbon aliphatic spacer chosen for this investigation presents an optimum for the following parameters: i) total isolation of the electron withdrawing effect of the perfluoro chain from the core structure; ii) allowing for maximum flexibility between the rigid core structure and the semi-rigid perfluoroalkyl tail; 11 iii) short enough to prevent crystalline alkyl chain-alkyl chain interactions. The seemingly very minor change in the length of the perfluorinated part, six carbons instead of eight as in our previous work, 12 had a tremendous impact on the solubility of the new compound in a range of solvents such as 1,2,4-trichlorobenzene (TCB), benzotrifluoride (BTF) and hexafluorobenzene (HFB), whereas the compound with (CH 2 ) 4 (CF 2 ) 8 F side chains showed very low solubility in all solvents, severely hampering its purification. Nevertheless, the most important property of HBC-[(CH 2 ) 4 (CF 2 ) 8 F] 6 , i.e. its tendency to form very long monostranded molecular stacks, was fully retained in the new variant. Scheme 1 illustrates the six step synthesis of 1 which is obtained as a bright yellow solid. 13 Compound 1 was investigated by cryo scanning electron microscopy (cryo-SEM) and optical luminescence and excitation spectroscopy. Cryo-SEM, 14 a new technique in organic chemistry, was chosen instead of regular SEM, since it allows the examination of supramolecular structures pre-existing in solution, which would otherwise aggregate to solids in the usual target preparation involving application of a solution containing the analyte to the target followed by evaporation of the solvent. In cryo-SEM the applied BTF solution is shock frozen in liquid nitrogen further cooled below 63 K and transferred in this state to the cryo transfer system (Gatan ALTO 2500) of the microscope. Subsequently the solvent is sublimed off the sample in the high vacuum of the instrument. 15 Fig. 1a ). The remarkable bending observed for the long axis of these structures implies considerable non-crystallinity in the lateral aggregation of these supramolecular stacks. At an intermediate concentration (10 25 M), thinner bundles of HBC columns were observed, having a cross section of about 250 6 50 nm, extending still over 20 mm in length (approx. 400 aggregated columns, see Fig. 1b and 1c) . At low concentration (10 26 M), only isolated HBC fibres were found with an apparent diameter of 25 nm and 3 mm typical length, indicating a freestanding monocolumnar linear architecture (Fig. 1d) . As the observed diameter of 25 nm is due essentially to the applied platinum coating (15 nm), we assume that this diameter, uniform for all filaments, nevertheless proves the existence of laterally non aggregated structures. BTF solutions of 1 ranging from 10 24 M to 10 210 M were investigated by optical spectroscopy. At low concentrations (10 26 M to 10 210 M) excitation, fluorescence and absorption spectra reveal typical bands of HBC derivatives 16 (Fig. 2) . By increasing the concentration to 10 25 M or 10 24 M, intense and broad red-shifted luminescence bands appear which can be attributed to HBC columns and aggregates by comparison to the data collected by cryo-SEM. Moreover, the solid state luminescence spectrum of the precipitate collected from the 10 24 M solution reveals similar red shifted bands. Nevertheless, the observed differences of the solid state emission in spectrum 2a) as compared to the emission spectrum in solution at 10 24 M suggest the presence of at least two different types of aggregates in solution. Cryo-SEM observations support this assumption, showing that large laterally aggregated fibres are observed at medium to high concentration in addition to monostranded stacks (Fig. 1a) .
In conclusion, cladding HBC with ''Teflon'' like side chains makes it possible to control the self-assembly into highly ordered architectures. Cryo-SEM correlated to optical excitation and emission spectroscopy provides a powerful tool for monitoring the formation of such structures.
Notes and references intensities of the excitation and fluorescence spectra of (b) can be compared with those of (c). Note also the different absorbance scales of (b) and (c). The luminescence spectra are arbitrarily scaled.
